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Bio-char applications
Bio-char from pyrolysis process has various applications:
Energy applications: Bio-char has higher energy density (~ 20
MJ/kg) and lower moisture content as compared with those for
biomass making it suitable for fuel applications.
 Environmental applications: Bio-char in the original form or after
conversion to activated carbon can be used as adsorbent (for removal
of different pollutants), catalyst or catalyst support.
 Agricultural applications: Bio-char can be added to soil to mitigate
global warming problem and improve soil fertility based on its
negative-carbon balance, ability to retain nutrients, high stability,
improvement of N-fixation by plant, etc. as compared with biomass.
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Fast pyrolysis of Canadian waste biomass using a 
mobile pyrolysis unit
Joint project
University of Saskatchewan and Saskatchewan Research Council
Process
Mobile pyrolysis unit with capacity of 1 ton/day (provided by
ABRI Tech Inc.)
Feedstock
Agricultural waste (wheat straw and flax straw), forest residue
(sawdust), and animal manure (poultry litter)
Pyrolysis temperature
400, 475, and 550 oC
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 Auger pyrolysis system
 Steel beads are used as heat carrier
 No need for fluidizing gas
Atmospheric process
 Vapor residence time : ~ 1 second
 Bio-char residence time : ~ 15 minutes
 Feed flow-rate : ~ 200 g/min
 Run time : ~ 8 hours




Characterization of biomass and bio-char materials











• Scanning electron microscopy (SEM)
• Thermogravimetric analysis
• Van Krevelen plot











35.4 ± 0.2 29.7 ± 0.3 20.8 ± 0.3 
Flax straw
32.3 ± 0.2 27.5 ± 0.3 20.1 ± 0.3 
Sawdust
37.7 ± 0.2 31.4 ± 0.3 15.9 ± 0.3 
Poultry litter
31.2 ± 1.6 36.3 ± 1.8 15.6 ± 0.8 
Biomass characterization (Cellulose, hemicellulose, and lignin)
• Using NREL analytical procedure (LAP) for biomass precursor
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Biomass characterization (Elemental analysis)
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Biomass characterization (Particle size distribution)
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Biomass characterization (Thermogravimetric study)
• Thermogravimetric analysis
showed that biomass
decomposition started at lower
temperatures for the following
order: poultry litter, wheat
straw, flax straw and sawdust.
• Thermal decomposition of
hemi-cellulose, cellulose and
lignin as the main building
components of biomass occurs
in the temperature range of




Bio-char characterization (Proximate analysis)
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Bio-char C (wt%) O (wt%) N (wt%)
WS 71-83 12-22 < 0.7
PL 69-83 1-13 8-9
FS 71-82 12-22 < 1.2
SD 71-81 14-23 < 0.2
Bio-char characterization (Elemental analysis)
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Bio-char characterization (Ash analysis/ICP)
• Poultry litter derived bio-char had the largest concentration of elements
(200,000 ppm) and it is followed by wheat straw, flax straw and sawdust bio-
chars.
• Large portion of alkaline elements compared with other inorganic elements
in bio-char samples observed by ICP-MS technique shows the great potential
of these bio-char samples for agricultural applications.
12
www.usask.ca
Bio-char characterization (Thermogravimetric study)
• Degradation of cellulose, hemicellulose, and lignin is completed ~ 550 oC.
• Mass loss at higher temperatures is mainly related to dehydrogenation and
aromatization of char as well as decomposition of inorganic compounds.
13
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Bio-char characterization (Van Krevelen plot)
• H/C and O/C values for feedstocks are much larger than those for
correspondent bio-chars due to the low degree of aromaticity in biomass
structure.
• An increase in pyrolysis temperature from 400 to 550 oC decreased both
atomic ratios for all bio-chars.
• H/C and O/C ratios of bio-chars, especially produced at 475 and 550 oC are
close to those of coal .
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Bio-char characterization (Raman spectroscopy)
• For all bio-chars, two
broad bands were
observed in each
spectrum at 1350 and
1580 cm-1.




defects in the amorphous
carbon.
Raman spectra for bio-chars produced from four
types of biomass at 475◦C.
15
www.usask.ca
Bio-char characterization (Raman spectroscopy)
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Bio-char 400 oC 475 oC 550 oC
PL 1.11 1.32 1.82
SD 0.17 1.20 1.89
FS 1.37 1.37 1.83
WS 1.30 1.10 1.88
Bio-char characterization (Raman spectroscopy)
• For all precursors, with an increase in the pyrolysis temperature, a drastic 
increase in ID/IG (defect to graphitic carbon) ratio of bio-char samples 
produced at 550 oC was observed. It is due to the development of compact 
aromatic structure in bio-char. 
ID/IG (defect to graphitic carbon) ratio of bio-char samples vs pyrolysis temperature
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Typical XPS survey scan
(for PL-550)
XPS C1s scan(for WS, FS, and SD at 400 and 550 oC)
X-ray photoelectron spectroscopy (XPS)
• To identify and quantify basic elements and functional groups on the bio-chars
• Peak deconvolutions of high
resolution C1s spectra were
accomplished using the CasaXPS
software (version 2.3.16 PR 1.6).
18
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X-ray photoelectron spectroscopy (XPS), C1s scan
• To identify and quantify the functional groups on the bio-chars
Peak Description FS-400 FS-550 WS-400 WS-550 SD-400 SD-550
Peak I C=C/C-C/CHx, 
aromatic/aliphatic carbon,
43.1 71.5 33.8 66.3 55.5 84.2
Peak II -C-OR, ether
and hydroxyl/phenol groups
21.1 15.2 37.3 24.0 28.4 -
Peak III C=O for ketone and quinone 23.2 1.9 16.3 2.3 5.1 11.3
Peak IV -COO , carboxylic
group/ester
5.7 11.4 3.5 7.4 11.0 -
Peak V -O-CO-O-, Carbonate 6.8 - 9.1 - - 4.5
with an increase in the pyrolysis temperature:
• aromatic/aliphatic carbon portion increased in the




X-ray photoelectron spectroscopy (XPS), Survey scan
• To identify and quantify the basic elements on the bio-chars
FS-400 FS-550 WS-400 WS-550 SD-400 SD-550 PL-400 PL-550
O
(O1s, 531-534 ev)
23.4 19.0 28.8 6.5 16.6 13.8 18.4 15.2
C
(C1s, 284-287 ev)
65.8 77.0 61.7 74.7 83.4 86.2 81.6 80.2
N
(N1s, 399-402 ev)









- - - 0.2
(Na 1s)
O/C 0.36 0.25 0.47 0.09 0.20 0.16 0.22 0.19
with an increase in the pyrolysis temperature:

















Bio-char characterization (electrical conductivity)
• Electrical conductivity (EC) of
bio-char as an indication of the
salinity of these materials.
• For large rates of bio-char
incorporation in soil (>3
ton/ha), salinity is a critical
factor.
• For all types of bio-chars, EC
has decreased with an increase



















Bio-char characterization (HHV and pH)
• For bio-chars produced from
wheat straw and flax straw, the
heating value increased by an
increase in the pyrolysis
temperature. while for bio-
chars from other biomass, no
trend was observed.
• The pH for bio-chars derived
from the wheat straw and
poultry litter were in the range
for bases. Bio-chars produced
from the sawdust showed pH
in acidic range (4.4–5.1).
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which were due to the
fibrous and woody nature
of their biomass.
• The bio-chars produced
at 550 oC had a more
fragmented structure
caused by thermal






 The mobile pyrolysis unit was employed effectively for production 
of bio-chars using fast pyrolysis process from four types of 
Canadian waste biomass.
 Large portion of alkaline elements compared with other inorganic 
elements in bio-char samples, observed by ICP-MS technique, 
showed the great potential of bio-char samples for agricultural 
applications.
 For all types of bio-chars, electrical conductivity has decreased by 
an increase in the pyrolysis temperature.
 Thermogravimetric study showed that cellulose, hemicellulose, and 
lignin are completely decomposed ~ 550 oC and beyond this 
temperature mass loss is mainly related to dehydrogenation and 





Development of highly compact aromatic structure in bio-char
samples at higher pyrolysis temperatures are shown using different
techniques such as:
XPS analysis: decrease in O/C ratio and increase in carbon
content of bio-chars with an increase in pyrolysis temperature
Raman spectroscopy: an increase in ID/IG ratio of bio-char
samples with increase in pyrolysis temperature
Van Krevelen plot: decrease in H/C and O/C ratios, with increase in
pyrolysis temperature
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